The structure of zinc chloride complexes with different ratios of chloride to zinc, formed in concentrated ZnCl 2 aqueous solutions, were determined from large-angle X-ray scattering using concentrations of the chloride complexes estimated by complementary Raman spectroscopic measurements. The highest chloro complex, [ZnCl 4 ] 2~, is tetrahedral with a Zn-Cl bond length of 2.294(4) Ä. The trichloro complex, [ZnCl 3 ]~, which coordinates one water molecule, is pyramidal with the Cl-Zn-Cl angle 111°. The Zn-Cl and the Zn-H 2 0 bonds are 2.282(4) and 1.9 A, respectively. The two lower complexes, [ZnCl 2 ] and [ZnCl] + , cannot be separated by Raman spectra. o The average Zn-Cl distance in these complexes is 2.24 Ä, and the average Zn-H 2 Ö distance is 1.9 A. In [Zn(H 2 0) 6 ] 2+ the Zn-H 2 0 distance is 2.15 Ä.
Introduction
X-ray structure determinations of zinc (II) chloride complexes in strong aqueous solutions have been carried out by several investigators, and recently, their results have been summarized by Johansson [1] , In view of the results, the highest complex is [ZnCl4] 2 ", which has surely a tetrahedral structure. On the contrary, it appears that since, as stability constants suggest, the existence range of the complexes may overlap, the structures of the intermediate complexes,
[ZnXn] (2-n)+ (n= 1, 2, 3) have not been yet unambiguously determined. In these cases, it is essential to estimate the relative concentrations of the species which coexist with each other in sample solutions so that a more reliable knowledge of the structures of the complexes can be obtained.
Thus, in previous X-ray diffraction studies on zinc bromide and iodide complexes in aqueous solutions [2, 3] , we have applied Raman and IR spectroscopies In the present work a similar investigation of the zinc chloride system was carried out. As was the case in the zinc bromide and iodide systems, Raman spectra were obtained for the zinc chloride solutions with approximately the same composition as that of the solutions for X-ray diffraction measurements so that the concentrations of the chloro complexes formed in each sample solution were estimated using the Raman bands corresponding to their symmetric stretching vibrations. IR spectra were also obtained for some zinc 0932-0784 / 96 / 0100-0063 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen chloride solutions with the purpose of deducing whether the trichlorozincate(II) ion is trigonal planar or pyramidal.
Experimental

Preparation of Sample Solutions
Analytical grade zinc chloride and lithium chloride, the latter having been recrystallized twice from water, were dissolved in distilled water, and the solution was analyzed for Zn by complexometric titration and for CI by gravimetry as AgCl. The composition (XAi and XBi) of the solutions for X-ray diffraction measurements is given in Table 1 , and that for Raman and IR measurements (RA RL) in Table 2 .
X-Ray Scattering Measurements
The X-ray scattering from the free surface of the solution was measured with MoK radiation in a 9-9 
Raman Measurements
For Raman spectroscopy, excitation was accom- 
Far-IR Measurements
Infrared spectra were measured in the range of 50 to 500 cm" 1 with a JEOL JIR-100 FT-IR spectrometer using a 6 mm Mylar beam splitter and a polystyrene windowed TDS detector. Platinum gauzes were used to contain the sample solutions. One hundred scanns at a resolution of 2 cm -1 were accumulated for each solution.
Data Treatment
Raman Data
The Raman spectra of RA to RI were brought to a flat base by substraction of spectra of RJ, RK and RL (RA, RC, RD, RE -RJ; RB -RK; RF, RG, RH, RI -RL). The peak positions and areas under the peaks corresponding to the symmetric stretching vibra-
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$ 400 The calculations of the concentrations of the aquaand chloro-complexes in those solutions were carried out according to the procedures described in [2] by assuming the concentration of each species to be proportional to the normalized area of its corresponding
Zn-Cl or Zn-H20 stretching band. The concentrations of the complexes thus calculated in RA to RI solutions are tabulated in Table 3 . 
2.01
It is understood that RF, RG, RH, RD, and RE correspond approximately to XA1, XA2, XA3, XB2, and XB3, respectively, in solution composition. Thus it was assumed in the calculation of the concentrations of the complexes in the XA1 to XB3 solutions that the formation percentage of each complex is the same in the solutions for Raman-and X-ray-measurements corresponding with each other, and that the sum of the concentrations of the Zn (II) complexes is equal to the total concentration of zinc. The concentrations of the complexes thus estimated in the solutions for X-ray measurements are given in Table 4 . 
Diffraction Data
The X-ray scattering data were treated by means of the KURVLR program atoms were used with corrections for anomalous dispersion [11] . Values for incoherent scattering [11, 12] were corrected for the Breit-Dirac factors. The del(s) function is the fraction of the incoherent radiation reaching the counter, which was experimentally obtained.
The reduced intensities i(s) thus calculated are shown in Fig. 2 after being multiplied by s. 
Results and Discussion
The radial distribution functions (RDF) are shown in 
